PUBLIC INTEREST STATEMENT
Although rice production has contributed significantly to socio-economic development of Vietnam, the overuse of agro-chemicals used to increase that production has also caused environmental pollution and biodiversity losses. To reduce the pollution and to revitalize biodiversity, the Vietnamese government has attempted to encourage the adoption of eco-friendly production practices. However, Vietnamese Mekong Delta farmers have been slow to embrace these practices. The current study investigated the factors affecting the adoption of eco-friendly practices based on a dataset of 202 farmers. The study found that membership in agricultural cooperatives or clubs, perceptions of biodiversity losses, perceived ease of use, years of experience, and perceived difference in selling price were all positively associated with the adoption of ecofriendly methods, while risk perceptions and the number of paddy plots negatively affected the adoption. Based on these results, we make some recommendations for policy makers to promote the adoption of eco-friendly rice production practices.
Introduction
The Mekong Delta (VMD) produces most of Vietnam's rice, contributing significantly to the food security of the nation. According to the General Statistics Office of Vietnam (GSO), the region produced more than 25 million tons of rice in 2015, more than 50% of the nation's total volume (GSO, 2015) . The region also contributes to more than 90% of Vietnam's total annual rice export volume.
However, this productivity has come with challenges that threaten the region's environment and agricultural sustainability because of the inappropriate application of agrochemicals (Bosma, Nhan, Udo, & Kaymak, 2012; Dung & Dung, 1999; Heong, Escalada, & Mai, 1994; Heong & Hardy, 2009; Tu, Yabe, Trang, & Khai, 2015) . The "Green Revolution" of the 1960s and 1970s prompted Vietnam, along with other Asian countries, to introduce agrochemicals into rice paddy fields (Bag, 2000; Barker, Herdt, & Rose, 1985; Thi Ut & Kajisa, 2006) . While this has had positive effects on yield, these chemicals are also the source of environmental pollution (Farvar, Thomas, Boksenbaum, & Soule, 1971; Xuan, 1975; Xuan & Matsui, 1998) . There are also severe human health and environmental consequences from exposure to high levels of the chemicals (Dasgupta, Meisner, Wheeler, Xuyen, & Lam, 2007; Dung & Dung, 1999; Phung, Connell, Miller, Rutherford, & Chu, 2012; Stadlinger, Berg, Van den Brink, Tam, & Gunnarsson, 2016) .
Several previous studies have provided evidence that Vietnamese rice farmers overuse pesticide and fertilizer inputs (Dung & Dung, 1999; Heong et al., 1994; Heong & Hardy, 2009; Meisner, 2005; Tu et al., 2015) . The imported volume of nitrogen, potassium, and phosphate fertilizers in 1960 was 130,750 metric tons; this reached 372,183 metric tons in 1973 and 4,675,000 metric tons in 2013, an annual growth rate of 7% for the period 1960-2013 (Barker et al., 1985; Xuan, 1975) . The imported volume of pesticide also increased significantly from 294 tons in 1965 to 3,238 tons in 1973 to 162 million tons in 2015, an annual increase of nearly 30% (Turner, Aoike, & Tauji, 1973; Xuan, 1975) . In contrast, the average rice yield increased from 1.9 tons/ha in 1965 to 5.7 tons/ha in 2013, an annual growth rate of only 2.3%, which includes a large increase after the implementation of doi moi (economic reform) policies in the 1990s (Hai & Talbot, 2014; Justin et al., 2016; Minot & Goletti, 2000) . The growth rate of agrochemical usage has far exceeded the improvement of rice productivity in the same period.
To manage overuse of agrochemicals and the consequential detrimental impacts, the Vietnamese government has implemented several environmentally friendly (hereafter, "eco") technological and farming programs. These have included integrated pest management (IPM), "One Must and Five Reductions," "3 Reductions, 3 Gains," ecological engineering, "Good Agricultural Practices" certification (VietGAP, GlobalGAP), "small farmers, large field" production, and other campaigns. Farmers have also been encouraged to conserve traditional floating rice cultivation, which uses no pesticides and only small amounts of fertilizer. All of these rice farming approaches have the common purposes of reducing the use of agro-chemicals, protecting both the environment and public health, and conserving biodiversity in the paddy fields.
However, farmers' acceptance of eco rice production has been limited in the VMD, even though these farming methods constitute important components of a comprehensive sustainable agriculture program (Demont & Rutsaert, 2017) . For example, seven years after the introduction of VietGAP methods, the total verified area of rice production using those methods was only about 840 hectares out of the 7.5 million hectares that produce rice in the VMD. In addition, out of 1,663 organizations (clubs and cooperatives) for farmers who satisfied VietGAP requirements, only 22 (1.3%) were rice farmers. In 1974, the total area of floating rice was about 0.5 million ha, in which An Giang province made up about 50% (250,000 ha) (Xuan & Matsui, 1998) . By 2015, acreage devoted to floating rice production in An Giang decreased to only 50 ha, as farmers made the transition to high-yielding rice varieties. Thus, even with government efforts to promote eco-friendly cultivation practices, farmers have resisted the conversion.
Rice is one of the staple products consumed daily in Vietnam and many other countries. As economic conditions improve, Vietnamese consumers are likely to choose healthier food options (Mishra & Ray, 2009; Truong, Yap, & Ineson, 2012; Vuong, Gallegos, & Ramsey, 2015) . Rice export is also a key component of the country's broader economic development strategy (Ha, Nguyen, Kompas, Che, & Trinh, 2015) . Thus, demand for "safe" rice products will require an increase in current production, yet farmers seem reluctant to embrace these methods of production. Within this context, the purpose of the present research is to investigate the factors that lead farmers to adopt eco-friendly rice production methods.
Literature review: Factors in farmer adoption of new technologies
Previous studies have examined a variety of factors related to the adoption of new technologies. The most well recognized factors that influence technology acceptance are the perceived ease of use and perceived benefits or economic value (Davis, 1989) . This basic technology acceptance model is considered robust, such that it may be applied across contexts and may thus include context-specific variables.
Research that has examined decision-making within the specific context of agriculture has analyzed the roles of farmers' attitudes, evaluations, and perceptions (Mwangi & Kariuki, 2015; Tey et al., 2014a) . Attitudes toward risk may shape farmers' participation in new programs (Barreiro-Hurlé, Espinosa-Goded, & Dupraz, 2010) . Perceptions or awareness of the environment and attitudes toward the eco-farming approaches' characteristics may also influence the adoption of an agricultural program (Adesina & Zinnah, 1993; Negatu & Parikh, 1999; Sidibé, 2005; Wang, Gao, Wang, & Li, 2016) . Other studies have considered extrinsic factors, farm biophysical characteristics, regulations from government, availability of funds and financial characteristics (Knowler & Bradshaw, 2007; Lee, 2005; Meijer, Catacutan, Ajayi, Sileshi, & Nieuwenhuis, 2015; Wang et al., 2016 ).
However, these earlier studies did not consider how perceptions of risk that farmers may associate with the new farming practices or how farmers' perceptions of biodiversity loss may influence the implementation of the new methods. The results from earlier studies have been quite mixed, depending on each specific type of conservation practice and geographic region.
Studies that have directly examined eco practice adoption the Vietnam Mekong Delta (Berg, Söderholm, Söderström, & Tam, 2017; Bosma et al., 2012; Dang & Duong, 2002; Da, Phuoc, Duc, Troell, & Berg, 2015) have dealt with the narrow contexts of integrated rice-fish farming systems and mono-rice cultivation. These previous studies were limited to specific geographic regions, such that the policy implications they derived may not be applicable to other regions even within Vietnam. To foster the expansion of eco rice production so as to meet the increasing demands for both agricultural sustainability and production of healthy food, the research question to be addressed in this study is: which factors influence the adoption of such rice farming programs? Results from this research can help to devise and promote specific policy interventions and to identify specific groups of farmers who would benefit from these programs.
The following section presents the conceptual and analytical frameworks that we used to investigate the determinants of the adoption of eco rice. These determinants are identified using ordered logistic regression/generalized ordered logistic regression. The third section of the paper describes the process of data collection and analysis. The final sections present results of the analysis, followed by discussion and conclusions.
Materials and methods

Conceptual framework
The theoretical framework for the current study is derived from two models. First, the technology characteristics-user's context model (Negatu & Parikh, 1999) assumes that a farmer's perceptions of the characteristics of a technology are fundamental determinants of that farmer's adoption of the technology, hence the diffusion of the technology. Second, the utility maximization model (Rahm & Huffman, 1984; Sidibé, 2005) posits that farmers are more likely to adopt new agricultural technologies, innovations, or conservation practices if the utility derived from them is greater than that of the old ones. This would include both observable and unobservable variables such as perceptions of risks, perceptions about the environment and conservation, agro-ecological characteristics, institutional effects, and socio-economic and demographic conditions. The conceptual model describing the adoption of eco-friendly practices is shown in Figure 1 .
Using the technology characteristics-user's context and utility maximization models, the factors affecting the adoption of eco rice in this study can be classified into eight subgroups: (1) socio-demographic characteristics (age, education, experience, labor and female laborers), (2) perceptions of risk, (3) perceived usefulness (output, selling price, benefit), (4) perceptions about the environment (pollution and biodiversity), (5) perceived ease of use (technical aspect); (6) farm physical characteristics (farm size and plots), (7) social network (membership in organizations) and (8) financial characteristics (perception of outside support and access to credit) (Adesina & Zinnah, 1993 ; Barreiro-Hurlé Davis, 1989; Negatu & Parikh, 1999; Sidibé, 2005; Wang et al., 2016) . The detailed description of how each of the individual independent variables were operationalized is provided in Tables 1 and 2 .
Analytical framework
The utilities considered in this study include both tangible and intangible benefits gained from the new practices. In the context of eco rice production methods, the former explicitly indicates the profits while the latter represents the environmental values that new practice adopters would like to conserve. Therefore, the utility function (U ij ) or the ith farmer to adopt a new practice or an alternative is given as follows where X i a vector of variables affecting the adoption; j is a vector of parameters to be estimated; j indicates the adopted alternative; i indexes farmers (i = 1, 2, 3, … N), and e ij presents the random and error term. Therefore, the utility of adopting a new technology (under the premise that there are only two option) is greater than the utility of the old one can be expressed as Risk perceptions were calculated as the sum of 16 five-point scaled indicators, including weather variability, dam construction, market volatility, rice diseases, management and technology expertise, etc. † Benefit is measured as the sum of 4 five-point scaled indicators, including lower production cost, biodiversity improvement, high quality product and ease of selling.
Variables Notation Description
Dependent variable
Adoption of eco rice ADOPTION 0 = conventional rice; 1 = single eco practice and 2 = combined eco practices Let Y j denote the adoption decision with j = 0, 1, 2
Independent variables
As mentioned earlier, there are several eco rice farming methods available to VMD farmers. The alternative is conventional rice production. Because conventional rice farmers were considered nonadopters of eco practices, they were coded as zero (Y 0 = 0). With regards to eco rice farmers (hereafter referred as adopters), those who have adopted a single eco practice were indexed with 1 (Y 1 = 1) and those who employed or integrated two eco rice practices were coded as 2 (Y 2 = 2).
With these as dependent variables, we can use generalized ordered logit or ordered logit model to investigate the factors that influence farmers' adoption decisions. The ordered logit model is a special case of generalized ordered logit model. The results estimated from ordered logistic regression will be straightforward if the model does not violate the parallellines assumption by using the Brant test (Williams, 2006) . If the parallel-lines assumption is violated, the alternative is to use the generalized ordered logit model (Cornwell, Laumann, & Schumm, 2008; Do & Farooqui, 2011; Kleinjans, 2009 ). The main difference between ordered logit and generalized ordered logit is that the ordered logit model requires the β′s to be the same for each value of j, while the generalized ordered logit model relaxes all or some of the β′s variance across values of j. Thus, analysis will focus on presenting the methodology of the generalized ordered logit model, which will reduce to an ordered logit model if the assumption of β j = β for all alternatives is satisfied. However, a key problem with the parallel-lines model (ordered logit model) is that its assumptions are often violated (Williams, 2006) ; it is common for one or more β′s to differ across values of j. The partial proportional odds model (through which some of the β coefficients can be the same for all values of j, while others can differ) can be expressed as: 
Data collection and analysis
For this study, eco rice practices included floating rice, large-field rice, VietGAP rice, GlobalGAP rice and ecologically engineered rice. To gather data for the study, we conducted structured interviews with 202 farmers. One hundred forty-three of the farmers had adopted one or more of the eco rice production methods. As discussed earlier, the intention of each of these all rice farming approaches is to decrease or forgo the use of agro-chemicals. Fifty-nine farmers produced rice using conventional methods. These were considered non-adopters who did not apply any of the above-mentioned eco friendly practices. Because a small number of farmers in the Mekong Delta use eco rice methods, the observations represented nearly the entire population of eco methods farming for each of the geographic target locations.
The process of conducting interviews with the eco rice farmers is as follows. First, we contacted with extension workers at provincial level to discuss and select the districts that had the largest number of eco rice farmers. Second, we worked with extension workers at district levels to get the list of eco rice farmers. Based on the list, we conducted face-to-face interviews with all eco rice farmers.
The most important criterion for selecting non-adopting/conventional farmers was geographic proximity to adopters/eco rice farmers. We assumed, based on local knowledge, that non-adopters were well aware of eco practices but they had refused these practices. This selection also ensured homogeneity in terms of natural conditions (soil, water, rain, etc.) as well as cultural characteristics for both adopters and non-adopters. Thus, survey responses from conventional (non-adopting) rice farmers were gathered as a convenience sample, but represented each target location. The data were collected in April 2016 in the districts of Tri Ton, Chau Thanh, Thoai Son and Cho Moi in An Giang province and Vinh Thanh district of Can Tho city. These two study areas are the major rice zones in the VMD, with the former producing more than 4 million tons and the latter supplying 1.3 million tons in 2016 (see Figure 2 for more details of the study sites).
As mentioned, the dependent variable (adoption) was coded as follows: 0 = conventional rice; 1 = single eco practice; and 2 = combined eco practices. In terms of environmental and economic values, the utility derived from the alternative 1 will be better than that of the alternative 0 and that of the alternative 2 will be the greatest. The classification for each alternative is that if those who were cultivating conventional rice (without any eco practices) are indexed as 0, those who were applying one eco practice (VietGAP, GlobalGAP, large-field, floating rice or ecologically engineered rice, etc.) are coded as 1 and those with two eco practices are numbered 2.
The map of the study sites is presented in Figure 2 .
The dependent and independent variables used in the ordered logit analysis are described in Table 1 .
Hypotheses
In terms of individual farmer demographics, several previous studies (Lee, 2005; Sidibé, 2005; Soule, Tegene, & Wiebe, 2000) have provided evidence that the farmer's age (AGE) and experience (EXPERIENCE) are negatively related to ADOPTION, since older or more experienced farmers may be less willing to make changes in their production practices. With respect to human capital, because farming is labor intensive, the available number of family laborers (LABOR) is expected to be positively related to ADOPTION. The number of female laborers participating in rice cultivation (FEMALE) is expected to be positively related to ADOPTION because women are in a better position at a very local level to note environmental changes and hazards (e.g. lack of drinking water) (Carvajal-Escobar, Quintero-Angel, & García-Vargas, 2008 ) and may also be more responsive to some environmental issues (Turner et al., 1973) .
Perceptions of risk would decrease the attractiveness of new practices and overemphasize a higher likelihood of failure, such that RISK is expected to be negatively related to ADOPTION (Lee, 2005) . Perceived usefulness derived from new practices (BENEFIT, PRICE and OUTPUT) will be associated with higher adoption rate (Lee, 2005; Shiferaw & Holden, 1998; Wang et al., 2016) . Our assumption is that farmers who recognized reductions in biodiversity and increases in water pollution will be more likely to adopt eco-friendly practices. Perceived ease of use is expected to have a positive relationship with ADOPTION, as rice farmers ordinarily have lower educational level, are relatively conservative, and are averse to risks (Davis, 1989) .
The impact of farm size on eco friendly adoption has very important policy implications in Vietnam and the VMD region, as the government has invested considerable efforts to establish cooperativebased farming. Farm size is hypothesized to affect ADOPTION positively, while number of plots is expected to have a negative effect. The number of plots leads to both physical constraints and difficulties in management. Membership in cooperative organizations is anticipated to be positively related to ADOPTION (Soule et al., 2000; Wang et al., 2016) . With regard to financial characteristics, SUPPORT is assumed to have a positive relationship with ADOPTION, while CREDIT is predicted to be negatively associated with ADOPTION. Descriptive statistics and summaries of the hypotheses for each explanatory variable used in the ordered logit model are shown in Table 2 .
The average age for farmers interviewed for this study was 48 years. This is relatively higher than that of the national population (GSO, 2015) , suggesting that fewer younger people participate in farming in this region. The average number of years of education for farmers was 7.5 years, slightly higher than that measured by Berg (2002) . On average, more than two members of a family were involved in rice farming, and in over half of the farms, one of these was female. Regardless of their contribution level, this result suggests that female family members play an important role in rice production.
Measurement of rice farmers' perceptions of risk provided neutral responses, on average (mean = 41.08). A large majority (83%) of the interviewed farmers reported observing biodiversity loss; sixty-two percent detected severe water pollution. Overall, the survey participant farmers expressed favorable perceptions with respect to the "ease of use" of eco production practices (mean = 4.02).
The average size of eco practice farms was quite large compared to the national agricultural area per household (2.69 ha compared to 0.42 ha) (GSO, 2015) . The average number of separate paddy plots per farmer was 1.63. The greater the number of plots, the more management difficulties rice farmers would have to face, which is one reason that the Vietnamese government has encouraged farmers to aggregate agricultural land for producing large-field rice (known locally as Canh Dong Mau Lon). This farming method is intended to reduce per-unit production costs and enhance scale economies.
The following section describes and discusses further analysis of the data, including the costbenefit analysis, the predicted probabilities of eco rice production methods, and the ordered logit regression used to identify factors that are related to the adoption of eco methods. The study employed Stata ® software version 12 to perform the ordered logistic regression. Table 3 provides the results of a cost-benefit analysis for different rice farming approaches. As shown in Table 3 , the implementation of a single eco method consumed the least of the three environmentally detrimental inputs (fertilizer, pesticide and fuel) among all rice farming approaches. The average fertilizer cost for single eco practice was significantly lower than that for any of the combined eco practices. In terms of consumption of environmentally detrimental inputs, these results suggest that the single eco practice was more environmentally friendly. At the same time, the selling price of rice produced by the average single eco method farm was significantly higher than that produced through the other options. One explanation for this outcome is that nearly all floating rice farmers, and the majority of VietGAP and GlobalGAP farmers, had contracts with distribution companies, which then offer a higher selling price. It is also likely that companies and consumers may have recognized floating rice as a more environmentally friendly product (almost no use of agro-chemicals), and were willing to pay a higher price. The selling price of combined eco practices was not significantly different from that for conventional rice production methods.
Results and discussion
Cost-benefit analysis and comparison of rice farming approaches
With respect to output level, the single eco method farmers had the lowest yield per hectare, significantly lower than that of conventional rice but insignificantly different from combined eco practices. Agro-chemical usage was positively related to production output, and single eco method farmers consume the least of the agro chemicals. Table 3 also shows that the net benefit, benefitcost ratio (BCR) and benefit-revenue ratio (BRR) from the use of a single eco rice method was significantly higher than those same indices for the other concerned rice farming approaches; the single eco method resulted in the lowest cost but the highest selling price.
One of the most important determinants of the adoption and continued use of environmentally friendly rice production methods, especially in developing countries, is economic achievement, that is, whether the practices allow the farmer a profit. Thus, based on this cost-benefit analysis, the use of the single eco rice method showed the highest economic potential among the rice production farming approaches. This result suggests that the single eco practice is a feasible alternative for farmers in the study sites. The next section presents the analysis of factors that affect the farmer's adoption decisions for rice production.
Factors affecting the adoption decisions for eco-friendly rice methods
The results of the generalized ordered logit model are presented in Table 4 and identify the factors affecting the adoption of eco rice. As mentioned, the ordered logit regression requires a test of the parallel-lines assumption. The Brant test showed that the assumptions of the parallel-line model was violated, since P value > 2 critical = 0.001. Thus, we used the alternative generalized ordered logit model.
The estimated results shown in Table 4 include two panels for conventional rice and single eco practice. The former panel contrasts conventional rice (Y 0 = 0) with single eco practice Y 1 = 1 and combined eco practices (Y 2 = 2) while the latter panel contrasts conventional rice (Y 0 = 0) and single eco practice (Y 1 = 1) with combined eco practices (Y 2 = 2). Note that for each dichotomization, the higher valued group is recoded as 1, while the lower numbered group was is recoded as 0 (Williams, 2016) . This distinction is important for interpretation of the unconstrained variables' coefficients, which differ between panels.
The likelihood ratio value is 12.78, which is smaller than Two of the variables in Table 4 , PRICE and USE, are relaxed for the parallel-lines assumption in the generalized ordered logit model. The interpretation of the relationships between the dependent variables and these unconstrained variables are not straightforward as compared to the other constrained variables that have the same coefficients between panels. For PRICE, the perceived difference in selling prices had a positive, significant relationship in the first panel but a negative relationship in the second panel, indicating that farmers were likely to adopt conventional rice and single eco practice rather than combined eco practices. This may be because more labor and other inputs are required for combined eco practices, although market prices are not significantly different between the two outputs. For the perceived ease of use variable (USE), the positive coefficient in the first panel (conventional rice versus single eco practice/combined eco practices) indicates that farmers preferred single and combined eco practices to conventional rice methods.
With regard to the constrained variables, EXPERIENCE, RISK, BIODIVERSITY, PLOT and ORGANIZATION had significant effects on ADOPTION, although not all in the predicted directions. The effect of farm size (PLOT) on the adoption was in the predicted direction but was not significant (Z value = 1.58 and P value = 0.11); so we cannot say conclusively that farmers with larger farm size were more likely to adopt combined eco practices. Our expectation was larger-sized paddy fields could create more advantages for the management and application of new technologies. However, consistent with our expectation, farmers with more paddy plots (PLOT) were less likely to adopt eco practices. An increasing number of paddy plots creates more difficulties and constraints for management of the rice farm. We also predicted that farmer experience (EXPERIENCE) would be negatively related to ADOPTION. However, the estimated result indicates that experience was significantly and positively associated with ADOPTION. Farmers with more experience may be more aware of the benefits of agricultural programs, including those that are environmentally friendly. It is also possible that farmers with more experience have succeeded because they are innovative and more open to new farming practices (Willock et al., 1999) .
Risk perceptions (RISK) were negatively related to ADOPTION; farmers who perceived higher risk were less likely to adopt eco practices. This result is consistent with previous studies (Ghadim, Pannell, & Burton, 2005; Jerneck & Olsson, 2013) and our expectation. Farmers who had perceived biodiversity losses (BIODIVERSITY) were more likely to take environmentally friendly action. In fact, this was the second-largest coefficient among all variables that predicted adoption. Again, this result was consistent with previous research (Herzon & Mikk, 2007) and our hypothesis.
The results also show that membership in a farmer-based organization (ORGANIZATION) had the largest positive effect on the adoption decision of eco rice. Those farmers who participated in agricultural cooperatives or clubs had more access to information about the effectiveness and other benefits of the new technologies.
For a clearer picture of the effects of individual predictors on the adoption probability, Table 5 illustrates the probabilities for each adoption decision at different values of independent variables. The probability of a farmer's adoption of a single eco practice was the highest at 78.4% as compared to 18.95% for conventional rice and only 2.65% for combined eco practices. This suggests that the single eco practice was preferred among those farmers in the sample.
We also found that the farmers who did not observe biodiversity losses were more likely to adopt conventional rice production (35.47%) than those who perceived biodiversity losses (16.35%). With respect to the adoption of single eco practice, the probability of farmers who witnessed biodiversity losses was higher (i.e. 80.5% > 63.39) that of those who did not. This result suggests that one means by which to stimulate the adoption of eco practice would be to improve farmers' awareness and understanding of the benefits of biodiversity.
Additionally, the results offer that those farmers who participated in organizations were more likely to adopt single eco practice (83.63%) than those who did not (62.32%). As mentioned earlier, this is an indication that participation in agricultural cooperatives and clubs facilitate shared information and practice.
Table 5. Predicted probabilities by the adoption decisions
Note: As one variable is fixed at a certain value, the remaining variables are at means.
Source: Own estimates; data appendix available from authors.
Variables
Conditions The perceived ease of use (USE) was also significant in predicting the probability of adopting single eco practice. When farmers perceived the technology to be easier to implement by one additional unit, the probability of selecting single eco practice increases about 8%.
Farmers with more paddy plots were less likely to adopt single eco methods. Again, multiple plots are more difficult to manage and require more capital and human resources. When farmers had one more plot, the probability of adopting single eco practice declined about 6%.
One further finding of the generalized ordinal logit analysis is that conventional rice farmers may share characteristics of eco friendly rice farmers. That is, the analysis provides an estimation of membership in a specific rice cultivation category, and those conventional rice farmers who are similar to eco rice farmers represent a target group for transition to eco-friendly methods. These values (probabilities) are important for policy implications to encourage and maintain farmers' adoption. The predicted probabilities are illustrated in Figure 3 . Figure 3 shows that 39 of 59 observed conventional rice farmers were correctly predicted. This implies that, based on the characteristics that we measured, only 66.1% of them were expected to use conventional methods based on their associated characteristics. The remaining farmers (approximately 34%) were predicted to belong to single eco practice.
Regarding single eco practice, the estimated result shows that 85.2% (i.e. 109/128) of single eco rice farmers were correctly predicted. The remaining farmers 14.8% (i.e. 19/128) were predicted to belong to conventional rice (12.5%) and combined eco practices (2.3%). For farmers who were applying combined eco practices, only 1 out of 15 farmers (6.7%) were predicted to belong to the current practice. The remaining 14 farmers were expected to belong to the group of single eco practice (12 farmers) and the group of conventional rice (2 farmers).
The results from the cost-benefit analysis and the generalized ordered logit suggest that the single eco practice is the most feasible farming approach to promote to farmers in these geographic areas.
Conclusions
The findings of this study are consistent with those from other studies that have considered the adoption of environmentally sustainable agricultural practices in developing countries (Ma, Abdulai, & Goetz, 2016; Onob) . More importantly, the results contribute to the limited body of research on agricultural intensification and sustainability benefits of the various rice production methods in Vietnam, specifically the Mekong Delta. As mentioned earlier, these results may be location-specific but help to identify factors that influence adoption (or rejection) of environmentally friendly farming methods. In particular, and again consistent with other studies (Cai, Ma, & Su, 2016; Ma et al., 2016; Onubuogu, Esiobu, Nwosu, & Okereke, 2014; Tey et al., 2014b) , the results here suggest that membership in agricultural cooperatives or clubs is important for increases in farm productivity as well as for expansion of eco friendly methods of rice farming. These organizations serve as important sources of information for farmers, and can serve to disseminate the benefits and efficiencies of eco methods. Technical training courses and information sharing meetings can introduce farmers to the eco practices and illustrate the benefits (ease of use, biodiversity conservation, etc.). In addition, policy makers should focus on mitigating risks from production stage (technical aspects and adverse climatic impacts) to market (differentiation in selling price of eco rice versus conventional rice). Further research may address more specific questions as to how farmer-oriented organizations influence technology adoption decisions.
The study results also identify farmers with larger farms, but fewer plots, as the most feasible group to adopt eco practices. However, farmers with more paddy plots were less likely to adopt eco practices. To promote eco practices in a new area, farmers with larger farm size but fewer plots are a good target group for demonstrations and training in the application of these techniques.
With respect to characteristics of individual farmers, again the results from the study provide some useful guidance. Farmers' perceptions of biodiversity losses were an important influence of adoption decisions. This is a vital starting point for collaborative policy that encourages technological innovations in environmentally friendly production methods. Perceptions about the ease of use of the technology positively influenced adoption, suggesting that farmers preferred eco practices. The perceived differences in selling prices suggest that farmers were likely to adopt conventional rice and single eco practice rather than combined eco practices. Farmers who perceived higher risk were unlikely to adopt eco practices Farmer experience was positively associated with the adoption. All of these indicate a need for education, but also persuasive efforts to overcome the negative perceptions.
Additionally, when the characteristics of individual farmers were used as independent variables to predict rice production method in the logit analysis, a large proportion of farmers who use conventional methods shared similar characteristics with eco rice farmers. This indicates a favorable group to encourage the conversion to eco friendly methods. Policy makers may provide financial or other incentives to facilitate the transition.
Based on the cost-benefit analysis, the single eco practice had the highest economic achievement when compared to the conventional rice and the combined eco practices, suggesting that the single eco practice is the most feasible to introduce to farmers in the study sites. The eco friendly practices identified here can reduce the costs while also increasing the prices that farmers receive. Additionally, finding and/or establishing a good market that allows for the differentiation between selling prices for eco rice and conventional rice is essential.
To promote the adoption of eco practices, policy makers should create an incentive mechanism to encourage farmers to join farmer organizations. In addition, policy makers should focus on informing farmers about mitigating risks such as adverse climatic impacts, polluted water, and other environmental threats. Technical training courses and other information-sharing meetings should also be required to introduce to farmers about the benefits of eco practices.
Although the study provides some significant evidences to the limited body of knowledge on the adoption of eco-friendly rice practices at the short term in the Vietnamese Mekong Delta, it did not capture the dynamic adoption patterns of eco-friendly rice in the long term. Therefore, a further research on potential and long-term adoption of eco-friendly rice practices is required. 
